Barley embryos, like other plant embryos, contain stored mRNAs which are transcribed during embryogenesis to be utilized during germination. The translation of these mRNAs is crucial during the initial stages of germination (5, 16, 22) . However, the mechanism(s) by which translation of stored mRNAs is prevented until germination is not known. In animal systems (3, 15, 17) cAMP-independent protein kinases which phosphorylate the smallest subunit (38,000 D) of eIF-2, a rate limiting initiation factor of protein synthesis, are involved in the regulation of translation. However, very little information is available about plant protein kinases and their role in protein synthesis. Ranu (19, 20) reported the partial purification of a cAMPindependent protein kinase from wheat germ which, like reticulocyte kinase, phosphorylates the 38 kD subunit of eIF-2. But it is not known whether this phosphorylation affects protein synthesis. Furthermore Rychlik et al. (21) reported another cAMPindependent kinase from wheat germ which selectively inhibits the translation of some species of Brome mosaic virus RNA by phosphorylating the ribosomal proteins. In this paper, we describe the purification and characterization of a novel cAMPindependent protein kinase which is a potent inhibitor of translation in vitro. Its endogenous substrate has been purified using a protein kinase bound Sepharose column. Using antibodies raised against the protein kinase, the level of the enzyme during different stages of development of the embryos has been correlated with the rate of protein synthesis. ' (20, 100 ); 6, a-lactalbumin (14,000). Figure IA , a single protein peak having enzyme activity was eluted. The active fractions were pooled and loaded onto a DEAE-cellulose column. In the wash a minor protein peak without protein kinase activity appeared. As shown in Figure labile, stable to dialysis and can be stored for a week at 0 to 4°C without loss of activity.
The purity of the protein kinase was determined by gel filtration on Sephadex G-100 and electrophoresis under nondenaturing conditions, which showed a single protein band. The M, of the protein kinase determined by Sephadex G-100 gel filtration was 95,000 (results not shown). SDS-PAGE revealed two bands of 58,000 and 39,000 D (Fig. 2A) . Individual protein fractions from the DEAE cellulose column having enzyme activity were checked for purity on PAGE. All fractions showed the same pattern.
Endogenous Substrate Purification. The endogenous substrate for the cyclic AMP-independent protein kinase has been isolated by using enzyme-bound Sepharose column. Enzyme-bound Sepharose has been prepared by covalently coupling the purified protein kinase to Sepharose 6B by cyanogen bromide activation method. The bound enzyme was stable with no loss of binding capacity for at least 3 months. The purified substrate appeared as a single band upon SDS-PAGE corresponding to mol wt of 52,000 D (Fig. 2B) . The purified endogenous substrate was phosphorylated by barley protein kinase using [y32P]ATP and run on SDS-PAGE. The gel was sliced and counted. The radioactive peak thus obtained corresponded to the position of the stained substrate band (data not shown).
Substrate Preference and Other Properties. Figure 3 shows that the purified protein kinase preferred acidic proteins such as casein and phosvitin as substrate over basic proteins such as histones and protamines. However, the endogenous substrate isolated from barley embryos served as very efficient phosphate acceptor. The enzyme was not stimulated by cAMP, cGMP, Ca2+ or calmodulin (Table I) . It showed no autophosphorylation in the absence of added substrate. The Km value for ATP was 12.5 jiM with a fixed concentration of casein. As shown in Figure 4 , the optimum Mg2" concentration was 4 mM. Increasing concentrations of Mg2+ up to 30 mM did not have much effect on the activity. However, the activity of the enzyme was markedly inhibited when assayed in presence of Ca2+ or Zn2+ (Fig. 4) . No aggregation was observed with Ca2+ or Zn2+ during incubation.
Since the activity of casein phosphorylating protein kinase is modulated by heparin and polyamines, the effect of these on the enzyme activity was determined. As shown in Figure 5 , about 90% inhibition of enzyme activity was observed at a low heparin concentration of 1.6 jig/ml. Polyamines, i.e. spermine and spermidine, are known to stimulate casein kinase 11 (10, 13, 14) . But, as shown in Figure 5 , the barley protein kinase was markedly inhibited by polyamines. These results suggest that the barley protein kinase is different from other reported kinases.
Effect of Protein Kinase on Protein Synthesis. As shown in Table II Figure 8 , rate ofprotein synthesis increased appreciably only after 4 h of germination at which time the level of protein kinase falls down to about 40%.
DISCUSSION
One of the unique features of seeds is the presence of stored mRNAs. The exact mechanism by which the translation of these mRNAs is prevented till germination is not known. Presence of unprocessed mRNA and lack of some crucial initiation factors (especially eIF-2) are not the reasons, at least in barley embryos, as it has already been established in our laboratory (9, 22) . In the present study, a cAMP-independent protein kinase has been isolated from barley embryos which is a potent inhibitor of in vitro translation. The level of this protein kinase was found to be high in barley embryos. It could be one ofthe reasons why barley embryos yield a poor in vitro translation system as compared to wheat or rice (2) where the level of this enzyme is very low (Fig.  6 ). In addition it was found to be localized only in the embryo, which strongly suggests that it plays a role in the development of the plant.
It is known that after fertilization, the synthesis of RNA and protein is quite high during the first 15 d and slows down thereafter (8) . Seeds reach a maximum weight by the 30th d after which they dehydrate. The dehydration phase is completed by the 40th d (9) . Most synthetic processes, including protein synthesis, would probably be completed by the 30th d. The suppression of translation due to the presence of high level of protein kinase, synthesized during late stages of embryogenesis (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) d), could be the mechanism by which some mRNAs are conserved for use during germination. On germination, the level of protein kinase falls to about 40% by 4 h. As shown in Figure 8 , the rate of protein synthesis increased appreciably 4 (Fig. 2B) . The possibility ofits involvement in the initiation step of translation cannot be ruled out since protein kinase inhibits initiation of protein synthesis. Further work is in progress to understand the molecular mechanism of inhibition of protein synthesis and the role of endogenous substrate in translation.
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